We investigate flavor violation mediated by Higgs bosons and supersymmetric particles in a predictive class of models based on the non-Abelian flavor symmetry Q 6 . These models, which aim to reduce the number of parameters of the fermion sector and to solve the flavor changing problems of generic SUSY setup, assume three families of Higgs bosons and spontaneous/soft violation of CP symmetry. Tree-level contributions to meson-antimeson mixings mediated by Higgs bosons are shown to be within experimental limits for Higgs masses in the (1-5) TeV range. Calculable flavor violation induced by SUSY loops are analyzed for meson mixing and lepton decays and found to be consistent with data. Significant new SUSY contributions arise in B s − B s mixing, but non-standard CP violation is suppressed. A simple solution to the SUSY CP problem is found, which requires light Higgsinos.
Introduction
The gauge interactions of the standard model (SM) fermions are invariant under separate U(3) L × U(3) R transformations. This global symmetry is broken explicitly by the fermion Yukawa couplings. For the light fermions violation of this symmetry is small, being proportional to their masses. This feature has played a crucial role in the success of the SM in the flavor sector. In extensions of the SM this property is generally lost, often leading to excessive flavor changing neutral current (FCNC) processes.
A case in point is the supersymmetric standard model which is the subject of this paper. While the gauge interactions of the SUSY SM respect the U(3) L × U(3) R global symmetry, there are new sources of violation of this symmetry, in the soft SUSY breaking sector. Indeed, generic soft SUSY breaking scenarios lead to excessive FCNC in processes such ad K 0 − K 0 mixing, B 0 − B 0 mixing, D 0 − D 0 mixing, and flavor changing leptonic decays such as µ → eγ [1] . This problem is most severe in the K 0 − K 0 system. SUSY box diagrams involving gluino and squarks modify the successful SM prediction for ∆M K and ǫ K , leading to the following constraints for the real and imaginary parts of the amplitude [2] :
(Re, Im)(δ Here (δ AB ) ij = (m 2 AB ) ij /m 2 is a flavor violating squark mass insertion parameter, for (A, B) = (L, R), withm being the average mass of the relevant squarks (d ands in this case). For this estimate the gluino mass was assumed to equal the average squark mass. Now, the natural magnitude of the mixing parameters (δ d LL ) 12 and (δ d RR ) 12 , in the absence of additional symmetries, should be of order the Cabibbo angle, ∼ 0.2. Since the parameters (δ AB ) ij split the masses of the squarks, one sees from Eq. (1.1) that a high degree of squark mass degeneracy is needed for consistency.
Analogous limits from B Note that the natural value of this mixing parameter, in the absence of other symmetries, is V ub ∼ 3 × 10 −3 . The constraints from Eq. (1.2) are well within limits. B s − B s mixing provides even weaker constraints. It can be argued that a natural explanation for solving this problem is to enhance the symmetry of the SUSY SM by assuming a non-Abelian symmetry G (a subgroup of the U(3) L × U(3) R ) that pairs the first two families into a doublet, with the third family transforming trivially [5] .
Invariance under G will then lead to degeneracy of squarks, as needed for phenomenology. A variety of such models have been proposed in the literature [5] , [6] , [7] , [8] , [9] . In Ref. [5] , SU(2) family symmetry and its variants were proposed to solve the SUSY FCNC problem. If the symmetry is global, one has to deal with the Goldstone bosons associated with its spontaneous breaking. Global symmetries are susceptible to violations from quantum gravity. Local gauge symmetries are more natural, but in the SUSY context there would be new FCNC processes arising from the family SU(2) D-terms [10] . Exceptions to this generic problem are known to exist [6] .
A more natural solution to the problem is perhaps to choose G to be a non-Abelian discrete symmetry group [7] . In this case there would be no D-term problem, since there are no gauge bosons associated with G. Spontaneous breaking of such symmetries will not lead to Goldstone bosons. If the symmetry breaking occurs before the inflationary era, such models should also be safe from potential cosmological domain wall problems. Such non-Abelian discrete symmetries have found application in understanding the various puzzles associated with the quark and lepton masses and mixing angles with or without supersymmetry [11] , more recently for understanding the tri-bimaximal neutrino mixing pattern [12] . It would be desirable to find a symmetry that sheds light on the fermion mass and mixing puzzle, and at the same time solves the SUSY FCNC problem.
The supersymmetric standard model has another problem. In the flavor conserving sector CP violation is generically too large. Neutron and electron electric dipole moments (EDM) receive new contributions from SUSY loops. Unless the new phases in the SUSY breaking sector are small or conspire to be small, experimental limits on the EDM of the neutron (d n ), electron (d e ), and atoms will be violated by two to three orders of magnitude (depending on the squark and slepton masses) [13] , [14] . The imaginary parts of the left-right squark mixing parameters must satisfy the constraints (from the experimental constraints d n < 6.3 × 10
−26 e-cm, d e < 4.3 × 10 −27 e-cm) [15] Im[(δ 3) assuming that the gluino/Bino has the same mass as the squark/slepton. Now, since these mixing parameters are expected to be suppressed by fermion helicity factors (but enhanced by the MSSM parameter tan β) the natural values for these mixing parameters are of order (1 × 10 −4 , 3 × 10 −6 ) respectively, (for tan β = 10 and assuming order one phases). This implies that the CP violating phases arising from the soft SUSY breaking sector must satisfy θ d ≤ 1/53, θ e ≤ 1/63 (for gluino (Bino) mass of 500 GeV (100 GeV). Why this is so, while the Kobayashi-Maskawa phase takes order one value, is the SUSY CP puzzle. It would be desirable to resolve this puzzle based on a symmetry principle in the same context where the SUSY FCNC problem is solved. The purpose of this paper is to study a recently proposed SUSY model based on the non-Abelian symmetry group Q 6 [8] which addresses these issues. Q 6 is a finite subgroup of SU (2) with twelve elements. Apart from providing a solution to the SUSY flavor problem, this class of models can also constrain the quark masses and mixings. It was shown in Ref. [8] that with the assumption of spontaneous (or soft) CP violation, there is a non-trivial relation between quark masses and mixings in this model. This sum rule was found to be consistent with experimental data.
A crucial aspect of the Q 6 model relevant for the quark mixing sum rule is that CP violation occurs either spontaneously or softly. This can help ameliorate the SUSY CP problem mentioned above. CP invariance requires that the gaugino masses, the µ terms and the trilinear A terms be all real. In the Q 6 model of Ref. [8] it was found that there is a phase alignment mechanism that makes the phases of the sfermion mixing terms arising from the A-terms to align with the phases of the fermion masses. So SUSY CP violation is suppressed to a large extent. However, spontaneously induced complex VEVs do lead to non-zero contributions to EDM. Here we analyze these contributions. Since these complex VEVs are accompanied by the Higgsino µ terms, a simple solution to the problem is found by making the Higgsinos to be lighter than the squarks. Adequate suppression of EDM is obtained for µ ∼ 100 GeV, while squark masses are of order 500 GeV. This suggestion obviously has testable implications for physics that will be probed at the LHC.
The fermion mass matrices that allow for a non-trivial prediction and the phase alignment is a generalization of well studied models [16] . The mass matrices for up and down quarks and the charged leptons take the following form:
The main feature of such mass matrices is that the phases can be factorized, i.e., M = P · M 0 · Q, with M 0 being real and P, Q being diagonal phase matrices. This feature, when combined with the Q 6 symmetry, has an the interesting consequence that CP violation induced by SUSY loops are suppressed. This will be discussed in more detail in Sec. 4. The form of Eq. (1.4) can be obtained in renormalizable theories based on Q 6 symmetry. This requires the introduction of three families of Higgs doublets, which fall into 2 + 1 representations of the Q 6 group, very much like the quarks and leptons. With multiple Higgs fields coupling to fermions, invariably there will be tree-level FCNC mediated by the Higgs bosons. The flavor changing Higgs couplings are not arbitrary, but can be computed in terms of the fermion masses and mixings. We will show that these FCNC processes are within acceptable range, provided that the Higgs boson masses lie in the (1 − 5) TeV range (except of course for the standard model-like Higgs boson, which has a mass in the (100 − 130) GeV range). While Higgsinos are naturally light in this scenario, in the bosonic sector only the lightest SM-like Higgs will be accessible to LHC experiments.
One of our major results is that non-standard CP violation is highly suppressed in this class of models. The phase factorizability of the fermion mass matrices implies that much of the SUSY induced CP violation is small. The structure of the Yukawa couplings in the model implies that the amplitudes for tree-level FCNC induced by neutral Higgs bosons are nearly real (see discussions in Sec. 5). While there can be significant new contributions to meson-antimeson mixings, there is very little CP violation beyond the standard model.
Our analysis is similar in spirit to that of Ref. [9] . Our approach is slightly different, with some differences in analytical results, fits, spectrum, and conclusions. In particular, we have presented complete analytical results for the Higgs boson spectrum, and we have a new proposal to solve the SUSY EDM problem, which requires light Higgsinos. We have also derived generalized constraints on SUSY FCNC parameters for the B d,s − B d,s system appropriate for a (2+1) mass spectrum.
The plan of the paper is as follows. In Sec. 2 we describe the SUSY Q 6 model, lay out the parameter choice, and summarize the prediction for the quark sector. In Sec. 3 we analyze the Higgs potential involving the three pairs of Higgs doublets. We provide analytic expressions for the mass spectrum of Higgs bosons as well as numerical fits. Consistency of symmetry breaking and spontaneous CP violation will be established here. In Sec. 4 we address tree-level FCNC processes mediated by the heavy Higgs bosons. Sec. 5 is devoted to analysis of the SUSY flavor violation and EDM within the model. In Sec. 6 we conclude.
2 Supersymmetric Q 6 Model Q 6 is the binary dihedral group, a subgroup of SU (2), of order 12. It has the presentation
The 12 elements of Q 6 can be represented as (2.6) In the two dimensional representation the generators are given in a certain basis by
The irreducible representation of Q 6 fall into 2, 2 
The Clebsch-Gordon coefficients for these multiplication can be found in Ref. [8] .
The fermions of all sectors (up-quark, down-quark, charged leptons) are assigned to 2 + 1 represtations of Q 6 . The model assumes three families of Higgs bosons, which are also assigned to 2 + 1 under Q 6 . Their transformation properties are given by
We make an overall 45
• rotation on the Q 6 doublets, Q, D c and U c , and then a phase rotations on these fields: 2.17) and similarly for D and D c fields, where (2.18) This will make the originally complex mass matrices of Eq. (1.4) real, which we parametrize as
These real mass matrices can be diagonalized by the following orthogonal transformations:
The CKM matrix V CKM is then given by 21) where
with θ q = ∆θ d − ∆θ u . Now it is clear how the Q 6 setup reduces the number of parameters in the quark sector. The total number of parameters in the quark sector is nine (four real parameters each in M u and M d , plus a single phase θ q ), which should fit ten observables. Spontaneous CP violation is crucial for this reduction of parameters. With explicit CP violation, there would have been one more phase parameter. The single prediction of this model was numerically studied in Ref. [8] , and shown to be fully consistent with data. Here we present a numerical fit to all the quark sector observables, which deviates somewhat from the fit given in Ref. [8] . The difference arises since here we have attempted to be consistent with the recent lattice determination of light quark masses. An excellent fit to the quark masses and mixings, including CKM CP violation, is obtained with the following choice of parameters at a momentum scale of µ = 1 TeV. 23) This choice yields at µ = 1 TeV, the following masses and mixings for the quarks: where η W is the CP violation parameter in the Wolfenstein parametrization. These values, when extrapolated to lower energy scales, give extremely good agreement with data [18] . We have computed the orthogonal matrices that diagonalize M u and M d . These rotation matrices will be relevant for our discussion of Higgs-induced flavor violation, as well as FCNC arising via SUSY loop diagrams. We find In the case of charged leptons, there is some arbitrariness in the values of (A, B, B ′ , C) ℓ of Eq. (1.4), since we have three observables (charged lepton masses) and four parameters (without including the neutrino sector). We shall present a fit with a simplifying assumption B ′ ℓ = B ℓ . At µ = 1 TeV, a consistent fit for all the lepton masses is found with the following input values: with O e c obtained from the above by flipping the signs in the first row and column.
Symmetry breaking and the Higgs boson spectrum
We now turn to the discussion of symmetry breaking and the Higgs boson spectrum in the model. We shall confine here to the case of having three pairs of Higgs doublets, and no Higgs singlets in the low energy theory. It is however, assumed that singlet fields are present in the full theory, so that spontaneous Q 6 breaking in the singlet sector appears as soft breaking in the doublet sector.
As shown in Ref. [8] , it is possible to realize such a scenario while preserving the 1 ↔ 2 interchange symmetry for members (1, 2) inside Q 6 doublets. We seek a consistent picture where CP violating phases are generated in the Higgs doublet VEVs. As it turns out, CP also has to be softly broken in the bilinear soft SUSY breaking terms, or else there would be no CP phases in the VEVs. The superpotential that we consider is the most general one consistent with softly broken Q 6 symmetry, but preserving the S 2 interchange symmetry:
As mentioned earlier, we make a 45
Here we have redefined new effective parameters for convenience as
Before analyzing the spectrum, let us note that the potential should be bounded from below along all D-flat directions. The following conditions should be satisfied:
In our numerical analysis, we shall verify that these conditions are indeed met. We parametrize the VEVs of the four neutral Higgs fields as
space, while tan β is analogous to the up/down VEV ratio of MSSM. We can rewrite the potential of the H 1 − H 3 sector of the neutral Higgs fields which acquire VEVs in a compact form:
This suggests a unitary transformation that would diagonalize the first two matrices in Eq. (3.36), while leaving the D-term unaffected. With such a rotation we have 
The unitary transformations to go from Eq. (3.36) to Eq. (3.37) are defined as
) and
The two phases φ u and φ d here are arbitrary. φ u − φ d does not appear in the potential (being proportional to U(1) Y charges). φ u + φ d can be used to remove one phase of the bilinear terms in the potential. Q u,d are arbitrary diagonal phase matrices. If desired, one can take advantage of these phases to remove all but one phase from the parameters of the potential. Since we are interested in going back to the original basis from this rotated basis, we find it convenient to set Q u,d to be identity.
The other parameters of this transformation are 
If we choose
24 is real and positive (with Q u,d set to identity). We shall adopt this phase convention in our numerical study. However, we shall present analytical results that hold in an arbitrary phase convention.
The task at hand is somewhat simplified, since Eq. 1,3 can be conveniently parametrized as 2, 3, 4) are the magnitudes of the VEVs of the redefined fields h i , and δ i are their phases. Without loss of generality we have taken v 4 to be real. G in Eq. (3.43) is the Goldstone field eaten up by the Z gauge boson. We shall work in the unitary gauge and set G = 0. We have checked explicitly that the G field does not mix with other scalar fields, and that its mass is exactly zero. The coefficients of various fields in Eq. (3.43) are functions of the v i 's:
We shall allow for the soft SUSY breaking parameters (b i ) in the Higgs potential to be complex. Phase rotations cannot remove all phases from the potential, one phase is unremovable. Without this phase, the model cannot induce complex VEVs to the doublets, as shown in Ref. [19] by a geometric argument. For the case when all parameters in the Higgs potential are real, we have numerically verified that the CP violating extremum would generate two massless modes, signalling inconsistency with symmetry breaking [19] .
We take the soft bilinear terms m 
Denoting the squared matrix for φ i , i = 1, 2, . . . 7 from the H 1 − H 3 sector as
we obtain
(3.47)
Here we have defined λ = (g 
The corresponding squared mass matrix for the scalars in the basis (ReH
This matrix has two pairs of degenerate eigenstates, owing to an unbroken U(1) symmetry.
3 sector charged Higgs boson mass matrix is, in the basis {H 
Now we present two sets of numerical fits (cases (1) and (2)) which show the consistency of symmetry breaking. We are interested in choosing the SUSY breaking parameters (including the µ terms) around the TeV scale, guided by arguments of naturalness. At the same time we wish the spectrum to be consistent with FCNC constraints arising from meson-antimeson mixings. We have explored parameter space of the Higgs potential where both these constraints are met. For the FCNC constraint, we allow the new Higgs exchange contribution to ∆M be not more than the experimentally measured values.
Case (1) The parameters in the original The charged Higgs bosons are nearly degenerate with its neutral partner, so we list the mass splittings: Case (2) Here we take the input parameters corresponding to Eq. (3.36) to be The charged Higgs boson masses are given by (3.64) with the remaining two charged Higgs bosons being degenerate with the neutral ones given in Eq. (3.63). The orthogonal matrix that diagonalizes Eq. (3.46) is 
with k = 7, · · · 10. In these fits, M h 0 is the light standard model-like Higgs boson mass, for which radiative corrections are significant. In our computation we have included known two loop corrections. The two values listed for M h 0 correspond to zero and maximal left-right stop mixing (X t = 0 or 6). We have taken m t = 174 GeV, M SUSY = 1.5 TeV and α s (m t ) = 0.108 for these evaluations and used the analytic approximation given in Ref. [20] .
An interesting feature of these two fits is that the diagonal entries of the quadratic mass matrix of the potential of Eq. (3.36) are all positive. This of course does not preclude some soft squared masses turning negative as in the MSSM via large top quark Yukawa coupling (since the diagonal entries also receive µ term contributions), however, this is not necessary for symmetry breaking to be triggered. Yet, one of the eigenvalues of this matrix is negative, which facilitates symmetry breaking. For the two cases we find these eigenvalues to be Case (1) The conditions for boundedness of the potential listed in Eq. (3.34) are found to be satisfied for both cases.
Neutralino and Chargino masses
The symmetry breaking parameters do not fully determine the masses of the neutralinos and the charginos. Here we present analytical results for their mass matrices.
The mass matrix ofH 1 −H 3 sector neutralino in the basis of { B, W 0 , H
The mass matrix of theH 2 sector in the basis { H
The mass matrix of charginos of theH 1 −H 3 sector in the basis { W + , H u 1
has a block-diagonal form:
The chargino mass matrix in theH
Tree level Higgs induced FCNC processes
In this section we discuss various FCNC processes mediated by tree-level neutral Higgs boson exchange.
Neutral meson mixing via Higgs exchange
Accurate measurements exist [21] for neutral meson-antimeson mixings in the
s and in D 0 − D 0 sectors. In the Q 6 model there are new contributions to these mixings arising through tree-level Higgs exchange. These new contributions will modify the SM predictions, which are all in good agreement with data. Here we compute these new contributions, following the analysis of Ref. [22] , with updated QCD corrections and hadronic matrix elements. (2.14) can be determined from the mass matrix Eq. (2.19): Case (2) α d = 0.0526,
After 45
• rotation in the Q 6 doublet space, the Yukawa coupling matrices in the down sector are (3.58) or (3.65) .
We obtain
Here φ is the neutral meson (
. For our numerical study we use the modified vacuum saturation and factorization approximation results for the matrix elements [2, 3] (4.78) where can be found in Ref. [2] for the K system, in Ref. [3] for the B d,s system and in Ref. [4] for the D system. With M s = 1 TeV and α s (m Z ) = 0.118, and m t (m t ) = 163.6 GeV we find η = α s (1 TeV)/α s (m t ) = 0.0882/0.108 = 0.8167.
At the SUSY scale, the neutral Higgs bosons in our model generate only operators Q 2 and Q 4 . Consequently, at the hadron scale, for the K 0 system, we find (4.81) leading to η 2 (µ) = 2.54, η 4 (µ) = 4.81. Although operator mixings induce non-zero C 3 and C 5 at the hadronic scale, their coefficients are found to be rather small. For the B 0 d,s system, following the same procedure, we find
And for the D 0 system we have
In all cases we see that the induced operators C 3 and C 5 are negligible.
In the K 0 system, tree-level neutral Higgs boson exchange contributes to K L − K S mass difference, as well as to the indirect CP violation parameter, modifying the successful SM predictions. The mass difference is computed from ∆m K = 2ReM
. We seek consistency with the precisely measured experimental values ∆m K /m K ≃ (7.1 ± 0.014) × 10 −15 and |ǫ K | ≃ 2.3 × 10 −3 . In our calculation, we choose m K = 498 MeV and f K = 160 MeV. For the two numerical fits we find the new contributions to be
The contributions from H (1) and (2.512 × 10 −15 , −1.088 × 10 −15 ) GeV for case (2) . We see that the new contributions to the mass difference is significant, but consistent with data. New contributions to CP violation is suppressed, which is a generic feature of Higgs exchange in this class of models. We elaborate on this issue later in this section. GeV for case (1) and (7.067 × 10 −13 , −3.835 × 10 −15 ) GeV for case (2) . These new contributions are within experimentally allowed range. Higgs mediated CP violation is again found to be highly suppressed. . Now, the second term, while it has no suppression factor, it is purely real. This can be seen from the following observation. In the mass basis of fermions in the original basis we have the relation (owing to the vanishing of off-diagonal mass terms in the mass eigenbasis) 
Neutron electric diploe moment from Higgs exchange
Higgs boson exchange can generate non-zero electric dipole moments for the fermions. These diagrams are however suppressed by the light fermion Yukawa couplings. For the d quark EDM arising from neutral Higgs boson exchange at the one-loop level we find [22] (4.89) where
16/23 ≈ 0.12, and q is summed over d, s and b. The neutron EDM is determined using the quark model via
We find
Case (1) :
Case (2) : D n = 6.091 × 10 −31 e − cm, (4.91) which are well within experimental limits. The EDM of the electron is similarly found to be extremely small from the Higgs boson exchange diagrams.
µ → 3e and τ → 3µ decays
Tree-level Higgs boson exchange can lead to flavor violating leptonic decays such as τ → 3µ and µ → 3e. The effective weak interaction mediating such decays can be parametrized as
The effective couplings are found for µ → 3e for the two cases to be
Case (2) : (4.93) And the couplings for τ → 3µ decay are
Case (2) : (4.94) Such small effective couplings will lead to negligible contributions to the decay branching ratios. For example, the branching ratio for τ → 3µ is of order 10 −15 , well below the experimental sensitivity.
We conclude that Higgs mediated FCNC in the lepton sector are all safe.
FCNC mediated by SUSY particles
In this section we turn attention to the flavor changing processes mediated by the supersymmetric particles. The main motivation for the non-Abelian Q 6 model was to bring such processes under control by a symmetry reason. Here we analyze meson-antimeson mixings, flavor violating leptonic decays, and the EDM of the neutron and the electron. We present our proposal to suppress SUSY contributions to the EDM by making the Higgsinos of the model light, with masses of order 100 GeV.
Owing to the Q 6 symmetry, the first two family squarks (and similarly sleptons) are degenerate in mass, while the third family, which is a Q 6 singlet has a different mass. In the fermion sector Q 6 symmetry is broken, which means that there will be SUSY loop induced flavor violation in the model. Constraints on such flavor violation has been listed in Ref. [2] [3] [4] assuming all three families of squarks are degenerate. While these results are applicable for the K 0 and D 0 system in our model, they do not work well for the B 0 d,s system. This is because the masses of theb andd , s masses are not the same.
Generalized constraints for B d system
We have generalized the results of Ref. [3] by allowing forb mass to be different from the masses ofd , s. We define new parameters 5.95) for A, B = L, R. We expect these y parameters to be of order one, but not very close to one. Taking account of y = 1 we have generalized the constraints on the squark mixing parameters from B 0 d system as follows. The effective ∆F = 2 Hamiltonian for B d,s system can be written as
The functions f 6 (x, y) andf 6 (x, y) are
Generalizing the results of Ref. [3] we obtain the squark mixing coefficients (δ d 13 ) AB with A, B = (L, R) as shown in Table 1 . Here we have used the same input as in Ref. [3] , so that for y = 1 our results coincide. We have used the next-to-leading order lattice calculation results for the matrix elements. For some of the mixing parameters we made a simplifying assumption that y 
SUSY flavor change in Q 6 model
In the Q 6 model the mass matrices of squarks in the flavor basis can be written as
Making the same unitary transformation on the squark fields as the ones on the quarks which diagonalize the quark mass matrices, we find the mass matrices of squarks in the SUSY basis (where the gluino coupling matrix is identity in the flavor space) to be: In the leptonic sector, we find the (LL) slepton mixing (which is the same for the (RR) slepton mixing) to be (mẽ) There are stringent constraints on the mixing parameter ((δ e ) LL ) 12 from the decay µ → eγ [23] .
On the face of it, the mixing presented above would appear to be in mild conflict with data by a factor of few. However, since such a constraint is very week for the ((δ e ) RR ) 12 mixing, we point out that the flexibility in the lepton sector mass matrix can be used to make the (LL) contribution small in exchange for larger (RR) contributions. That is, assume B ≪ B ′ in Eq. (1.4).
Left-Right squark mixing and a solution to the EDM problem
So far we have ignored SUSY flavor violation arising from the left-right squark mixings. It turns out that these operators do not give significant contributions to meson-antimeson mixings, since such mixings have fermion chirality suppression. However, these mixings can generate new contributions to the neutron (and electron) electric dipole moments. Here we analyze constraints from the EDM and suggest a simple solution to the SUSY EDM problem. First, as shown in Ref. [8] , the trilinear A-term induced phases align with the phases of the fermion mass matrices, even without assuming proportionality of the A-terms with the respective Yukawa couplings. This feature arises due to the phase factorization of the fermion mass matrix. Left-right squark mixings also receive contributions from the superpotential µ-terms. We derive the mass matrix for the down squark sector to be: are complex because of the spontaneously induced phases of the VEVs. This means that these matrices will contribute to neutron and electron EDM. Since these complex coefficients are proportional to µv/m 2 , we find a simple solution to the SUSY EDM problem: Let the µ terms be of order 100 GeV, in which case one finds a suppression factor of 10 −2 for the effective phase that enters the EDM expression. With this suppression factor, from the (1, 1) elements of these (LR) mixing matrices, we see that neutron and electron EDM constraints can be satisfied, even with the spontaneously induced phases in the VEVs being of order one. The proposed solution to the SUSY EDM problem has direct experimental consequences for LHC. We predict that the Higgsinos should be light, and three such pairs of doublet Higgsinos should be observable at the LHC. Their scalar partners, however, are inaccessible, since their masses lie in the few TeV range.
Conclusion
In conclusion, we have presented a detailed analysis of the Higgs potential involving three pairs of Higgs doublets in a Q 6 model of flavor. This class of models are motivated on two grounds: They lead to reduced number of parameters in the fermionic sector, and they can be helpful in alleviating the flavor changing problems of generic SUSY models.
We have shown that tree-level Higgs boson induced FCNC are within experimental limits, even for the most stringent K 0 − K 0 mixing amplitude. The Higgs boson masses must lie in the TeV range. New sources of CP violation in meson mixing are highly suppressed. We have also shown the consistency of the model with SUSY flavor violation. A simple solution to the SUSY EDM problem is suggested, which requires light Higgsinos.
